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Abstract 
Production performance were measured on lambs fed with feed containing grape seed flour; weight gain, feed 
consumption and slaughtering parameters were recorded. 
24 "Gentile di Puglia" lambs were divided into four homogeneous groups as regards weight; from the age of 50 days they 
were fed for a further 63 days on complete feeds in pellet form. The feeds contained 0, 10, 20 or 30% grape seed flour. 
The feeds containing this by-product gave productive responses comparable to, or even better than, those obtained without 
by-product . A content of 10% grape seed meal in the feed produced weight gains and final live weights greater (P<0.05) 
than those produced by the control feed (261 g/d vs. 222 g/d and 34.016 kg vs. 31.533 kg). The use of up to 20% grape 
seed meal gave feed conversion indexes similar to those obtained using the control feed. Slaughtering data, pH 
measurements, dissection data and meat chemical composition were not influenced by the type of feed.  
Interesting findings were obtained from the fatty acid composition, which showed that increasing levels of inclusion of 
grape seed flour in the feed decreased saturated fatty acids, increased unsaturated fatty acids and improved dietary 
characteristics of the meat with the best indices of atherogeniticy and thrombogenicity. 
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1. Introduction 
With reference to ISTAT data, in 2011 the Italian production of wines and musts amounted to 42.7 million 
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hectoliters (ISMEA, 2012). 
Considering a production of residual oscillating between 12 and 14%, this amount may vary between 
512.400 t and about six 600.000 t.  From this residue the wine industry extracts alcohol and brandy, while the 
remainder, with a humidity level of about 50%, is dried to obtain 15-17% grape seed. The quantity  of grape 
seed produced is about 88.816 t a year, enough to justify its use in animal feed.      
Grape seed, whether whole, ground or after oil extraction, has been used in livestock feeds mainly for 
rabbits and ruminants. It has given good productive performances in rabbits up to about 15% of feed content 
(Alicata et al., 1988; Garcia et al., 1999 a, b, 2002; Nicodemus et al., 1999, 2007); when used in quantities of 
up to 30% in feeds for cattle and sheep it gave daily increases comparable to the control groups (Accardi et al., 
1977; Cottyn et al., 1979 a, b). The good amino acids content of grape seed flour, mainly made up of glutamic 
acid, thyrosine and aspartic acid (Igartuburu et al., 1991),  mean that it has a biological protein value very 
close to that of lucerne (D’Urso et al., 1983). These amino acids also contain high levels of proantocianidines, 
polyphenols which can prevent atherosclerosis (Yakamoshi et al., 1999).In view of the wide availability and 
low cost of this by-product, its use could help to reduce production costs, particularly in our region of Apulia 
(Italy). 
2. Materials and methods 
48 uncastrated male “Gentile di Puglia” lambs were weaned at the age of 40 days, and after 10 days of  
adaptation to the fattening regime they were sub-divided into four groups of 12 animals, the groups being 
homogeneous in terms of age and weight. From 50 to 113 days of age the animals were fed on complete feeds 
in pellet form, one of which did not contain the grape seed flour, while the other three feeds contained 
respectively 10, 20, and 30% of the by-product. The grape seed flour used in the preparation of the feeds was 
first passed through  a 0.5 mm pore sieve in order to reduce the content of  rough fiber. During the trial, the 
feeds – more or less equal in protein, fiber and energy content – were given ad libitum up until slaughtering. 
Group food consumption was recorded daily, while individual weights were measured weekly.   
At the end of the trial, after fasting (not water) for 12 hours, the lambs were slaughtered. The carcasses, 
minus head, pluck and shins, were weighed and refrigerated for 24 h at 4°C (ASPA, 1991).  Moreover, the pH 
values of the meat of the Longissimus lumborum (LL) and Semimembranosus (SM) were measured at 
slaughtering (pH1) and after refrigeration (pH2) using a portable pH-metre with automatic temperature 
compensator (ASPA, 1996). 
The data obtained were analyzed for variance using the GLM procedure of SAS (2000). The statistic 
differences between the averages estimated were evaluated by means of Student’s “t”. 
3. Results and discussion 
During the trial, the lambs’ health was satisfactory, with no illnesses arising. 
From the first week, the lambs whose feeds contained grape seed flour, particularly those at 10 and 20%, 
were recorded as having greater live weights (Table 2). Average daily weight gains were also higher in the 
groups which received feeds containing the grape seed flour, especially the lambs reared on the 10% feed  
which displayed significantly greater (P<0.05) increases when compared with the control group (261g/d vs 
222g/d). 
Analysis of feed consumption demonstrated that the inclusion of grape seed flour in feeds for fattening 
lambs caused an increase in food intake as compared to the control group, also for the 30% feed (1059g/d vs 
1267g/d), thus showing the flour to be appetizing. 
The feed conversion index in the present study did not display relevant differences for feeds containing up 
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to 20% grape seed flour, when compared with the control; while a greater content of grape seed flour (30%) in 
the feed gave satisfactory increments, but caused  worsening feed conversion due to a greater consumption of 
feed when compared with the feed not containing grape seed flour. 
As for data concerning slaughtering, carried out at the age of 113 days, there were no important differences 
between the  four groups regarding empty body weight and the other parameters shown in Table 2, including 
the warm and cold dressing percentages, whose average values were respectively 54% and 53.5% However, it 
was found that the incidence of  omentum increased as the proportion of grape seed flour  increased in the 
feed, so as to display significant differences (P<0.05) between the 30% feed and the control (1.20% vs 0.84%). 
The lambs fed on a diet containing the by-product had more adipose tissue in the omentum , which may be 
attributable to higher feed consumption converted into greater energy intake. 
Evaluation of the pH values (Table 3) of the two muscles does not reveal any important difference between 
the diets, however the pH1 values of Ll at slaughtering were higher on average (6.18) than those of SM (5.60); 
moreover the lambs not fed on grape seed flour gave meat with pH1tendentially higher. 
Non-significant results were observed in dissection data on the tissue composition of pelvic limb and 
lumbar region dissected in lean, fat and bone (Table 4). 
On the chemical composition of meat (Table 5) taken from lumbar region were not significant differences, 
observing a tendency toward accumulation of fat in the meat of lambs fed with 20% and 30% of grape seed 
flour.  
Regarding the fatty acid composition of  intramuscular lipids of Ll (Table 6) it was observed that the 
increase in the use of the by-product in feed had a positive effect on the fatty acid profile, significantly 
reducing the content of saturated fatty acids (SFA) with advantage of unsaturated fatty acids (UFA) (P <0.01, 
P <0.05). 
Interesting were also dietary indexes, atherogeniticy and thrombogenicity, obtained more favorable to 
human health in the experimental groups, especially in the one supplied with a greater quantity of grape seed 
flour (P <0.01, P <0.05). 
4. Conclusions 
On the basis of the results obtained from the present trial, it may be stated that grape seed flour, widely 
available in wine-producing areas, can be a valid alternative food source, reducing production costs and 
increasing livestock farms’ earning capacity. 
This consideration emerges from the positive and significant growth performances obtained from lambs 
fed on a diet with a low content of this by-product; however the use of greater quantities gave productive 
responses comparable to those obtained from the group which did not contain the grape seed flour, similarly 
to the findings of Accardi et al.,(1977) concerning fat lambs and the use of feeds containing 30% of whole 
grape seed. Regarding dietary indexes the presence of increasing quantities of grape seed flour has reduced 
the content of SFA by increasing that of UFA and significantly improving the indices of atherogeniticy and 
thrombogenicity. 
4.1. Tables 
Table 1. Weights (kg), weight gains (g/d), feed intakes (g/d) and feed conversion indexes 
 Grape seed meal (%) SDE 
 0 10 20 30 DF = 44 
Animals (no.) 12 12 12 12  
62   M. Ragni et al.  /  APCBEE Procedia  8 ( 2014 )  59 – 64 
Weight (50 days) 17.516 17.550 17.633 17.266 1.489 
Weight (113 days) 31.533 b 34.016 a 32.733 32.550 3.495 
Weight gain (50-113 days) 222 b 261 a 239 242 41.89 
Feed intake (50-113 days) 1,059 1,236 1,193 1,267  
Feed conversion index (50-113 days) 4.77 4.73 4.99 5.23  
a, b: values with different letters within each row are different at P<0.05 
Table 2. Slaughtering data (% empty body weight) 
 Grape seed meal (%) SDE 
 0 10 20 30 DF = 20 
Animals (no.) 6 6 6 6  
Empty body weight (kg) 26.943 28.708 27.647 27.817 3.336 
Hide + fleece 15.92 15.41 15.65 15.73 1.201 
Gastrointestinal system 7.04 7.73 7.98 7.15 0.997 
Warm dressing percentage 54.49 53.80 53.98 54.21 1.835 
Cold dressing percentage 53.87 53.57 53.44 53.61 1.823 
Head 4.60 4.68 4.36 4.59 0.377 
Pluck 5.36 5.29 5.47 5.22 0.470 
Omentum 0.84 b 1.00 1.01 1.20 a 0.306 
Shins 1.13 1.23 1.23 1.12 0.115 
a, b: values with different letters within each row are different at P<0.05 
Table 3. pH 
 Grape seed meal (%) SDE 
 0 10 20 30 DF = 20 
LL:      
pH1 6.37 6.07 6.14 6.16 0.370 
pH2 5.03 5.04 5.00 5.02 0.097 
SM:      
pH1 5.69 5.61 5.58 5.54 0.290 
pH2 5.02 5.04 5.03 4.99 0.803 
Table 4. Dissection data 
 Grape seed meal (%) SDE 
 0 10 20 30 DF = 20 
  % on Pelvic limb   
Pelvic limb (Kg) 2.211 2.384 2.241 2.235 0.311 
Lean (%) 64.97 62.34 65.51 63.67 2.269 
Fat (%) 10.19 11.72 10.87 11.56 2.879 
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Bone (%) 24.83 25.93 24.61 24.76 1.813 
  % on Lumbar region   
Lumbar region (Kg) 0.609 0.650 0.630 0.632 0.103 
Lean (%) 52.97 50.73 50.86 51.80 4.684 
Fat (%) 19.59 20.42 19.95 21.60 4.635 
Bone (%) 28.43 28.84 29.18 26.60 3.759 
Table 5. Meat chemical composition (% on edible substance) 
 Grape seed meal (%) SDE 
 0 10 20 30 DF = 20 
Moisture 70.73 70.41 70.35 70.18 1.159 
Protein 21.48 21.81 20.94 21.33 0.936 
Lipid 5.29 5.31 6.25 6.15 1.005 
Ash 1.20 1.20 1.21 1.19 0.097 
Moisture 1.30 1.27 1.25 1.15 0.440 
Table 6. Fatty acid composition (% of total fatty acid) and health indices of Longissimus lumborum muscle. 
 Grape seed meal (%) SDE 
 0  10 20 30 DF = 20 
SFA 48.71Aa 46.73b 46.72b 45.50B 1.620 
MUFA 46.10b 47.80 47.43 48.82a 1.941 
PUFA 5.17 5.46 5.84 5.68 0.703 
UFA 51.28Bb 53.26a 53.27a 54.49A 1.620 
n3 0.56 0.62 0.59 0.61 0.048 
n 6 4.52 4.65 5.18 5.05 0.674 
n n 3 8.03 7.55 8.70 8.36 1.182 
UFA/SFA 1.05Bb 1.15a 1.14a 1.20A 0.072 
Atherogeniticy index 0.87a 0.79 0.80 0.77b 0.102 
Thrombogenicity index 1.66Aa 1.54b 1.53b 1.44B 0.095 
a, b: values with different letters within each row are different at P<0.05 
A,B: values with different letters within each row are different at P<0.01 
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